do not show very high biosorption performance in their natural form or without any modification [11] . The efficiency of these adsorbents can be enhanced by making composites.
Composite adsorbents are those adsorbents that are produced by using two or more materials. Composite adsorbents boost the efficacy of the adsorption process to such an extent that it cannot be attained with the help of a single adsorbent. Nowadays, attention is given to the development of biocomposites. Biocomposites are those composite materials in which at least one main constituent is obtained from biological material. Biological materials mostly consist of lignocellulosic residues like natural fibers, which are regarded as eco-friendly substances for the formation of biocomposites [12] [13] . The present study was comprised of a simple and efficient method for the removal of synthetic dyes from aqueous media using biocomposites in batch mode. It was cost-effective because cheap chemicals and locally existing resources were needed, and high-cost treatment plants and techniques were not required.
Materials and Methods
The 5.0 g of freshly distilled aniline were dissolved in 250 mL of 1M HCl. The mixture cooled to below 5ºC using an ice bath. 250 mL of a pre-cooled 0.3 M ammonium peroxydisulfate (NH 4 S 2 O 8 ) solution in 1M HCl was slowly added under vigorous stirring to monomer the solution over a period of 30 min. In order to make polyaniline soluble in formic acid for composite formation, the polymer was treated with 0.5 M NaOH solution for two hours. Then it was washed with distilled water and dried in an oven at 60ºC. 0.50g of a base-treated PAn was dissolved in 50 mL of formic acid. For preparation of polyaniline/Agro waste composite, 5 g agro waste was mixed with 50 mL of basetreated PAn in formic acid (1% w/v) in a beaker (100 cm 3 ) and stirred for 2 h at room temperature and left for another 2 h without stirring [14] . After drying and grinding, it was sieved up to 300 μm mesh size and stored in airtight jars for further study.
The poly pyrrole/agro waste (PPy/agro waste) composites were synthesized by soaking the agro wastes in monomer pyrrole solution (0.2 M) for 12 h at room temperature followed by the slow addition of chemical oxidants 0.5 M FeCl 3 at room temperature for 4 h. The PPy/agro waste composites were filtered and then washed with distilled water [16] .
1 g of chitosan was dissolved in aqueous acetic acid (20%), and the solution was stirred for 24 h at room temperature. To this, about 0.01 M of aniline dissolved in 1 M HCl was added and stirred for 15 min to form a homogenous solution. 4.4 g of ammonium peroxydisulfate (NH 4 S 2 O 8 ) solution in 1 M HCl was dropped into the above solution with constant stirring at 5ºC [16] .
Polypyrrole/Chitosan composite (PPy/Ch) was prepared by the method adopted for the preparation of PAn/Ch composite as described above, with 7.18 g of ferric chloride (dissolved in minimum amount of methanol) as the oxidizing agent [17] .
For synthesis of polyaniline/starch (PAn/St) composite, 4% (w/v) starch was suspended in distilled water and the solution was stirred to form a homogenous solution. To this, about 0.01 M aniline dissolved in 1 M HCl was added drop wise and stirred for 15 min. 4.4 g of ammonium peroxydisulfate (NH 4 S 2 O 8 ) solution in 1 M HCl was added drop wise with constant stirring at 5ºC.
Polypyrrole/St (PPy/St) composite was prepared by the method adopted for the preparation of PAn/St composite as described above, with 4.4 g of ferric chloride (dissolved in minimum amount of methanol) as the oxidizing agent [18] . All above biocomposites were synthesized using the 1:3 mass ratios for doing this study.
Batch experiments were conducted to compare the biosorption capacities of biosorbents in native and biocomposite form. Optimization of important process parameters such as pH, contact time, biosorbent dose, initial dye concentration, and temperature for the removal AO-RL dye was carried out using the classical approach. Equilibrium biosorption uptake, q e (mg/g), was calculated using the relationship shown in Eq. 1.
( 1) …where C o is the initial dye concentration (mg/L), C e is the equilibrium dye concentration (mg/L), V is the volume of the solution (L), and w is the mass of the biosorbent (g).
Results and Discussion

Effect of Process Variables on Adsorption
pH is used to measure the acidity or basicity of an aqueous media. pH acts as the key process parameter in the biosorption process particularly for dye biosorption. pH controls the extent of electrostatic charges on sorbent and sorbate. Solution pH effect on biosorption process of acid dye using different biocomposites was investigated by vayring the pH from 2-11 of the sorbent-sorbate solution containing 0.1 g/50 mL biosorbent dose and 50 mg/L initial dye concentration with shaking at 120 rpm and 30ºC until equilibrium. The results are shown in Fig. 1a) . The results show that the optimum pH values for achieving maximum biosorption capacity of RH (7.3 mg/g), PPy/RH (32.4 mg/g), PAn/RH (30.3 mg/g), PPy/Ch (23.09 mg/g), PAn/Ch (21.4 mg/g), PPy/St (13.3 mg/g), and PAn/St (11.4 mg/g) for AO-RL were found to be 3, 3, 4, 5, 6, 4, and 4, respectively. The optimum solution pH values for getting maximum removal of acid dye were determined in an acidic environment. The reduction in biosorption capacity of all biosorbents for acid dye was seen with the increase of pH or in alkaline conditions. The reason might be the production of a more positive charge on biosorbent surface because of protonation of surface polar functional groups in acidic environment, which showed the high electrostatic attraction with the acid dye anions [19] . The lowering of biosorption capacity of biosorbents under basic conditions or with the elevation of pH might be due to deprotonation of surface binding functional groups that showed electrostatic repulsion with dye anions, and the high concentration of OH -ions also caused competition with dye anions for binding functional sites [20] . The utilization of polyaniline-coated sawdust for the elimination of acid dye from colored solution was checked. It was inferred that maximum dye removal was achieved below pH 5 and reduction in dye removal was observed by increasing the pH above 5. It has been observed that the highest reactive dye removal was achieved at pH 3-4 in the acidic range while it was declined with the increment in pH [21] .
The effect of biosorbent dose (0.05 to 0.30 g/50 mL) of different biocomposites on biosorption of acid dye was studied under constant operating conditions of optimum pH, 50 mg/L dye concentration, 30ºC temperature, and 120 rpm shaking until equilibrium. The results are shown in Fig. 1b) , and indicate that the biosorption capacity of biosorbents (RH, PPy/RH, PAn/RH, PPy/Ch, PAn/Ch, PPy/St, and PAn/St) decreased from 11.05 to 1.5 mg/g, Fig. 1 . Effect of process variables on dye adsorption onto biocomposites.
43.8 to 14.7 mg/g, 31.6 to 11.8 mg/g, 29.1 to 7.7 mg/g, 25.4 to 5.7, 19.4 to 3.13, and 14.6 to 1.59 mg/g, respectively, by the addition of more doses from 0.05 to 0.30 g/50 mL in dye solution. The highest biosorption of AO-RL was observed using 0.05g/50 mL biosorbent dose. Thus, a 0.05 g/50 mL dose of all biosorbents was considered their optimum dose to get the maximum removal of dye. From the above results, the decline in biosorption of acid dye was observed by the addition of more biosorbent doses. The highest biosorption of acid dye was observed at the lowest 0.05g/50 mL dose of all biosorbents. Such a decline in biosorption capacity of biosorbents at their higher doses might be because of overlapping of binding surface active sites, which caused a reduction in total available surface area for the binding of dye anions and also enlarged the path length of diffusion [22] . Ahmad et al. [23] reported the reduction in biosorption capacity of nanopolyaniline for acid red 14 dye by increasing the biosorbent dose from 0.025 to 0.2 g.
The effect of contact period of sorbate and sorbent on the removal of selected acid dyes using different biosorbents was investigated at different contact times in the range of 5-90 min and results, shown in Fig. 1c) , reveal that the biosorption of AO-RL dye was rapid in the initial 20 min, after which it started to slow gradually and then equilibrium was established until 60 min. After equilibrium, there was not any prominent effect of contact period observed on the biosorption of AO-RL using different biosorbents. The maximum biosorption capacity values (10.9, 42.8, 33.2, 30.3, 25.4, 18.9, and 15.5 mg/g) of different biosorbents (RH, PPy/RH, PAn/RH, PPy/Ch, PAn/Ch, PPy/St, and PAn/St) were achieved at equilibrium contact time. The reason behind such biosorption behavior of acid dye using different biosorbents might be due to the availability of higher active functional binding sites on biosorbent surface in the initial stage of the biosorption process, which became engaged by sorbate with the progress of time and then sorbate started to enter slowly inside the biosorbent bulk, which caused the slow biosorption rates at later stages [25] . Tayebi [26] checked the effect of contact time on the removal of reactive orange 16 dye from aqueous media by polyaniline and its nano composite. It was investigated that the rate of biosorption process was rapid until 100 min, and after 150 min equilibrium was established [27] .
A batch biosorption experiments was conducted to determine the effects of different initial dye concentrations in the range of 10-200 mg/L on the biosorption capacities of different biosorbents for acid dye. The results are depicted in Fig. 1d) . The maximum biosorption capacities of RH, PPy/RH, PAn/RH, PPy/Ch, PAn/Ch, and PAn/St for AO-RL at 150 mg/L initial dye concentration were determined to be 30.5, 82.8, 70.2, 63.9, 56.7, and 39.9 mg/g, respectively. The maximum biosorption capacity (44.9 mg/g) of PPy/St for AO-RL was found at 125 mg/L dye concentration. The reason behind such a trend might be the providing of significant driving force by initial dye concentration to reduce the mass transfer resistance among the solid and aqueous phases [28] , and equilibrium was attained due to the establishment of dynamic balance among biosorbent surface and dye concentration. Esmaeli et al. [29] investigated the effect of initial dye concentration in the range of 10-50 mg/L on the biosorption capacity of brown algae for the acid dyes at pH 2 using the 1g/L biosorbent dose. The biosorption potential for acid dye was enhanced from The effect of different process temperatures in the range of 30-65ºC on the biosorption capacities of different selected biosorbents for the removal of acid dye from aqueous solution was checked on fixed experimental operating conditions. The results are indicated in Fig. 1e) . The highest biosorption efficiency of all biosorbents was achieved at 30ºC for the removal of acid dye. The reduction in acid dye biosorption at higher values of temperature might be because of a breakdown of sorption forces that were responsible for the biosorption of molecules of dye on the biosorbent surface [30] . Akar et al. [31] observed the significant effect of enhancing temperature from 20-40ºC on the removal of acid blue 40 dye using the Thujaorientalis cone. The maximum removal of acid dye was achieved at lower temperature and reduction in removal was observed as the solution temperature was enhanced [32] .
Kinetic Studies
The linear integrated equation of the pseudo first-order kinetic model is [33] : (2) The linear equation of the pseudo second-order is: Table 2 . Equilibrium modeling of data for the removal of AO-RL.
The expression for the intra-particle diffusion model can be written as:
(4) Table 1 shows that the kinetic data obtained from batch biosorption experiments was a good fit for both pseudo first-and second-order kinetic models for all biosorbents.
Biosorption Isotherms
The linear equation of the Langmuir isotherm is:
The linear expression for the Freundlichbiosorption isotherm is: (6) The linear expression for the Temkinbiosorption isotherm is:
The linear equation of this model can be written as: (8) The straight line equation for the (D-R) biosorption isotherm is: From Table 2 we observed that both the Langmuir and Freundlich biosorption isotherms showed satisfactory fitness on the equilibrium sorption data of AO-RL dye using all selected biosorbents. It showed the involvement of both chemical and physical processes in the sorption process due to the complex nature of biosorbents, but the much fitness among isotherms was found for the Freundlich biosorption isotherm, which indicated the greater involvement of physical phenomena. Thus it could be assumed that the sorption mechanism was electrostatic in nature.
Thermodynamic Studies
Thermodynamic study is very important for taking information about the nature of the biosorption process. The values of ΔG o were determined at different temperatures for acid dye by using the following equations:
The values of ΔH o and ΔS o for all acid dyes were determined from the values of slope and intercept by plotting the lnK d vs 1/T using the following Vaŉ t hoff equation (12) The values of all thermodynamic parameters are listed in Table 3 . The negative values of ΔH o for acid dye using the different types of selected biosorbents showed the exothermic nature of all biosorption processes for the removal of acid dye. The negative ΔS o values showed the reduction in disorder on solid and liquid interface during each biosorption process for the removal of acid dye using different types of selected biosorbents. The negative values of ΔG o indicated that the biosorption of acid dye using different types of biosorbents was spontaneous in nature.
Characterization of Biosorbents
The FT-IR study of different most-efficient biosorbents (PPy/RH) before and after the biosorption of acid dye was carried out in the 400-4,000 cm -1 range. The FT-IR spectra of PPy/RH before and after biosorption of AO-RL are represented in Figs 2(a-b) . The FT-IR spectra of unloaded PPy/RH display the different types of bands that indicate the complex nature of biosorbents. The different bands appeared in the range of 3,054.5-3,421.2 cm -1 and showed the presence of -NH and bonded -OH functional groups, while the peaks that appeared in the 2,850.5-2,925.5 cm -1 range revealed the existence range were enhanced in dye-loaded spectra, which revealed the involvement of these functional groups in binding of dye and the shifting of peaks that were displayed in 1,651.6-1,736.6 cm -1 and 1,549.3-1,579.6 cm -1 range toward the higher absorbance attributed the participation of C = O and secondary amine functional groups in binding of dye anions. Thus, the FT-IR spectra helped the identification of active functional groups that were responsible for the sorption of dye anions [13, 24] .
The morphology and features of biosorbent surface can be investigated with the help of a scanning electron microscope (SEM), which can be utilized to find out the porous structure of biosorbent and also give information about particle shape or size. The SEM images of unloaded and loaded biosorbents are shown in Figs 2(c-d) . The SEM images showed that the texture of biosorbents was porous and fibrous in nature, containing high heterogeneity that contributed to dye biosorption. On the basis of these findings it can be concluded the biocomposites are efficient adsorbents, and to avoid environmental pollution [34] [35] [36] [37] [38] [39] [40] [41] [42] biocomposites can be used to adsorb pollutants from wastewater.
Conclusions
The present study was carried to evaluate the dye adsorption capacity of biocomposites as cost-effective, efficient, and environmentally friendly materials. The prepared biocomposites were employed for the adsorption of dye, and process variables were optimized for maximum dye adsorption. Results revealed that the efficiency of polymeric biocomposites was good for the removal of acid dye from textile effluents. The adsorption capacities revealed that biocomposites are efficient adsorbents and could possibly be used for the adsorption of dyes from textile wastewater.
Regeneration Study
The recycling study helps to recover the sorbent and sorbate and reusability of sorbent is necessary for its application on practical scale wastewater treatment. The selection of an appropriate eluent is an important task. In the present study, desorption of selected acid dye from the most efficient biosorbent (PPy/RH) was carried out using 0.05 N of different eluents (NaOH, NH 4 OH, EtOH, NaCl, HCl, and H 2 SO 4 ). The maximum percentage desorption (30.12 %) of AO-RL dye was obtained using 0.05 N NaOH. The results are represented in Figs 3(a-b) . The number of sorption/desorption cycles of AO-RL were studied using 0.05 N NaOH solution. It was determined that the PPy/RH could be utilized efficiently up to two cycles.
